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SCIENCE I

+

SATELLITE – RADAR – RAINGAGE

SOAS – Statistical Objective Analysis Scheme

a) Merge satellite, radar and gage 24hour rainfall
acumulation.

b) Integrate raw radar and raw satellite derived
rainfall estimates to raingage. Estimate
analysis error and provide the final merged
analysis field

c) Use both radar & satellite analysed fields.

. Methodology used minimizes error analysis
to values under the lowest of the errors
between the two rain estimates based on

1: radar and 2: satellite

Reference:

Pereira Filho, A. J., O.
Massambani, R. Hallak; H.
Karam and R. Haes;” A
Hydrological Forecast for the
Metropolitan Area of São
Paulo”. Workshop on
Warnings of Real-Time
Hazards by Using Nowcasting
Technology, Sydney, Australia,
2006, paper 7.23, pp. 6.
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SCIENCE SCIENCE IIaIIa PrecipitationPrecipitation in  in thethe  AmazonAmazon  BasinBasin  usingusing MW MW

. . RainRain rate  rate distributionsdistributions  fromfrom S-POL  S-POL andand PR-TRMM PR-TRMM

. . USProbUSProb, NESDIS 1 & 2, GSCAT, GPROF , NESDIS 1 & 2, GSCAT, GPROF runsruns

. . RainRain rates  rates andand  errorerror  distributionsdistributions::
    comparisonscomparisons of  of retrievalsretrievals  fromfrom  algorithmsalgorithms  andand  radarsradars (S-POL & PR) (S-POL & PR)
. . USProbUSProb  andand GPROF in  GPROF in goodgood  agreementagreement  withwith PR & S-POL PR & S-POL
  (  (butbut GPROF shows a bi-modal  GPROF shows a bi-modal distributiondistribution vis- vis-àà-vis PR)-vis PR)
USProfUSProf  andand GSCAT  GSCAT havehave  lowlow  meanmean  errorerror  valuesvalues, , butbut GSCAT  GSCAT hashas a  a biasbias  exceedingexceeding 0.4 0.4



SCIENCE SCIENCE IIbIIb

ReferenceReference::

       BISCARO, T. S. 2006,        BISCARO, T. S. 2006, ””PrecipitationPrecipitation  EstimateEstimate via  via RemoteRemote  SensingSensing in MW in  in MW in thethe  AmazonAmazon  BasinBasin””,,
MS MS dissertationdissertation (in  (in PortuguesePortuguese) in ) in MeteorologyMeteorology, IAG (, IAG (InstituteInstitute of  of AstronomyAstronomy, , GeophysicsGeophysics  andand
AtmosphericAtmospheric  ScienceScience)/USP()/USP(UniversityUniversity of S of Sãão Paulo), pp. 113.o Paulo), pp. 113.



SCIENCE IIISCIENCE III RainfallRainfall  SensitivitySensitivity for MW  for MW RadiometryRadiometry in  in thethe  AmazonAmazon

1)1) Data: Data: fromfrom HSB ( HSB (HumidityHumidity  SounderSounder for  for BrazilBrazil) ) andand
radar, radar, complementedcomplemented  withwith a  a fewfew  rainrain  gagesgages. . ThereThere is a is a
data data stratificationstratification  intointo  twotwo  groupsgroups  showingshowing  lowlow  andand  highhigh
variabilityvariability, , respectivelyrespectively

2)2) Curves are:Curves are:

a)a) TheoreticalTheoretical  usingusing  EddingtonEddington  modelmodel, for , for twotwo Z- Z-
R R relationshipsrelationships, e.g. , e.g. Marshall-GunnMarshall-Gunn  andand  TokayTokay

b)b) EmpiricallyEmpirically  adjustedadjusted, for , for thethe  twotwo sets of data sets of data
((lowlow &  & highhigh  variabilityvariability))

Obs: Star Obs: Star pointspoints are  are raingageraingage  measurementsmeasurements

3)3) VerificationVerification: : therethere  onlyonly  smallsmall  changeschanges  whenwhen    usingusing  thethe 2 2
differentdifferent Z-R  Z-R relationshipsrelationships. . KnowledgeKnowledge of ice &  of ice & liquidliquid
waterwater  distributiondistribution is more  is more importantimportant  whenwhen  simulatingsimulating
rainrain in  in thethe 150 GHz  150 GHz channelchannel

4)4) ConclusionsConclusions: : basedbased  onon  bothboth  theoreticaltheoretical &  & empiricalempirical
resultsresults it is  it is concludedconcluded  thatthat  thethe HSB  HSB channelschannels  respondrespond
satsfactorilysatsfactorily to  to thethe  variabilityvariability of  of liquidliquid  waterwater  andand
precipitationprecipitation rate  rate mainlymainly in  in thethe 150 GHz  150 GHz channelchannel..

ReferenceReference::

       Lima, W. F. A., L. A. T. Machado, C. A. Morales, N.        Lima, W. F. A., L. A. T. Machado, C. A. Morales, N. VitardVitard, 2006, , 2006, ““RainfallRainfall  sensibilitysensibility  analysisanalysis for  for thethe HSB HSB
SounderSounder: : anan  AmazonAmazon case  case studystudy””, , InternationalInternational  JournalJournal of  of RemoteRemote  SensingSensing, in , in presspress..



SCIENCE IVSCIENCE IV

RainRain rate  rate distributionsdistributions
in in thethe  AmazonAmazon

RedRed  dotsdots =  = measurementmeasurement sites at sites at
thethe  AmazonAmazon  RegionRegion, , specificspecific for for
thisthis  studystudy

a) a) RainRain  distributiondistribution for for
Boa Vista, Boa Vista, annualannual ( (dasheddashed
lineline) ) andand  monthmonth of  of largestlargest
discrepancydiscrepancy ( (fullfull  lineline).).

c) c) CumulativeCumulative  rainrain rate rate
distributiondistribution for Cruzeiro for Cruzeiro
do Sul (do Sul (measuredmeasured, , fullfull  lineline))
andand as  as modeledmodeled  throughthrough
RecRec. U.I.T_R P.837-4 . U.I.T_R P.837-4 withwith
thethe  modelmodel    meteorologicalmeteorological
parametersparameters ( (dasheddashed  lineline))
andand  withwith  thethe  samesame  RecRec..
U.I.T_R P.837-4 U.I.T_R P.837-4 butbut  withwith
thethe new  new meteorologicalmeteorological
parametersparameters ( (dash-dotdash-dot  lineline).).

b) b) CumulativeCumulative  rainrain rate rate
distributiondistribution, as , as measuredmeasured at at
Cruzeiro do Sul (Cruzeiro do Sul (fullfull) ) andand as as
estimatedestimated  throughthrough
MoupfoumaMoupfouma ( (dash-dotdash-dot) ) andand
Salonen-BaptistaSalonen-Baptista ( (dasheddashed))
distributionsdistributions..

d) d) CumulativeCumulative  rainrain rate, for rate, for
Tabatinga as Tabatinga as measuredmeasured  byby
thethe  gagegage ( (fullfull), ), throughthrough
radar radar withwith  probabilisticprobabilistic
methodmethod ( (dotteddotted) ) andand
throughthrough radar  radar withwith
Marshal-PalmerMarshal-Palmer  relatioshipsrelatioships
((dasheddashed).).

Reference:  Cerqueira, J.L.P., 2006, “Radiometeorological Study of the Amazon Region”, PhD Thesis (in Portuguese),
Graduate Program in Electrical Engineering, PUC – Rio (Catholic University of Rio de Janeiro, p. 224)

(a) (b)

(c) (d)



MW MW –– radar & MW  radar & MW –– IR  IR blendblend

1) Relate 1) Relate SatelliteSatellite  TbTb to  to rainrain rate (radar,  rate (radar, modelmodel... ... raingageraingage) ) byby
equatingequating  probabilitiesprobabilities

2) Clone radar 2) Clone radar cellscells  withwith  satellitesatellite data to  data to extendextend radar range radar range

3) 3) AssimilateAssimilate  satellitesatellite  rainfallrainfall  productsproducts  intointo  mesoscalemesoscale  modelsmodels (e.g. (e.g.
for more precise for more precise floodflood  forecastforecast  andand  heavyheavy  rainrain  eventsevents))

10 10 NovemberNovember 2001, 0300 UTC. A =  2001, 0300 UTC. A = AlgiersAlgiers, NRL , NRL ––  combinedcombined IR-MW  IR-MW algorithmalgorithm..

KKäästnerstner, M., , M., TorricellaTorricella, F. & , F. & DavolioDavolio, S. , S. ““IntercomparisonIntercomparison of  of satellite-basedsatellite-based
andand  model-basedmodel-based  rainfallrainfall  analysesanalyses””. . MeteorolMeteorol. . ApplAppl. 13, 213-223, 2006.. 13, 213-223, 2006.

CalheirosCalheiros, R.V., R. Machado , R.V., R. Machado andand M.A. Lima, 2005,  M.A. Lima, 2005, ““CellCell  detectiondetection at at
farfar ranges:  ranges: supportingsupporting  TbTb-Z -Z relationshipsrelationships””, , AtmosAtmos..SciSci..LetLet, vol, vol
6,6,IssueIssue 1, p.54-58. 1, p.54-58.
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[Obs: Eduart Haruni (McGill/Atmospheric Sciences) is acknowledged for help with figures]

Machado, R. Machado, R. andand  CalheirosCalheiros, R. V., R. V.
““CloningCloning Radar  Radar CellsCells at  at OuterOuter
Ranges: a Ranges: a TestTest  withwith  thethe Bauru Bauru
RadarRadar””. 31. 31stst  ConferenceConference  onon
Radar Radar MeteorologyMeteorology (vol. II), (vol. II),
p.843-845, 6-12 August, 2003,p.843-845, 6-12 August, 2003,
Seattle, Washington.Seattle, Washington.

SCIENCE VSCIENCE V

10 10 NovemberNovember 2001, 0300 UTC. A =  2001, 0300 UTC. A = AlgiersAlgiers, IRE , IRE –– IR  IR algorithmalgorithm..

10 10 NovemberNovember 2001, 0300 UTC.  2001, 0300 UTC. A=AlgiersA=Algiers, BOLAM , BOLAM ––  modelmodel..



VALIDATION  IVALIDATION  I

Raingage Networks providing data
to CPTEC, as of October, 2006.

Green dots are SYNOP stations,
which are assimilated in the models
(data assimilated are daily totals).
They are received at CPTEC at
every 3-hour period. All other
plotted stations are used in weather
and climate studies. There is a
number of stations (not represented
in the map) from which data is
obtained by CPTEC through the
respective institutional page in the
internet.



VALIDATION  IIVALIDATION  II

BrazilianBrazilian  LightningLightning  DetectionDetection  NetworkNetwork 2006 2006

CurrentlyCurrently  comprisingcomprising a total of 47 a total of 47
sensorssensors, , allall of  of themthem  integratedintegrated  byby
INPE (INPE (BrasilDATBrasilDAT), ), andand  coveringcovering a a
total of 70% of total of 70% of BrazilBrazil, , excludingexcluding
thethe  AmazoniaAmazonia  regionregion..

DuringDuring  thethe  nextnext 2  2 yearsyears  thethe
additionaddition of 15  of 15 sensorssensors  hashas  alreadyalready
beenbeen  approvedapproved..



V.  IIIV.  III



SPA: Dual Pol Doppler X-band
PPR, BRU, SRQ: S-band Doppler

VALIDATION  IVVALIDATION  IV



VALIDATION V

Operational radars in Brazil:

19 - Doppler S-Band

  1 - S-Band (non-coherent)

  1 - C-Band (non-coherent)

  1 - Doppler X-Band

Updated : October, 2006

Indicated range: 240 km


